Major comments: -My main concern is about the author's central claim that comparing stage 13 and stage 14 oocytes allows drawing conclusions on the behavior of the spindle during the long metaphase I arrest. Since the status of the kinetochore-microtubule attachments changes between stage 13 and stage 14 (page 6, line 3), I would argue that the authors are in fact comparing prometaphase I to metaphase I oocytes. I therefore disagree with their use of the terms 'early' and 'late' metaphase I. This would make this study more relevant to the mechanisms of oocyte spindle assembly rather than to spindle structure maintenance during the metaphase I arrest. Unless the authors have a good reason to think this is not the case, I would suggest refocusing the manuscript on spindle assembly mechanisms rather than on spindle bipolarity and stability maintenance during the metaphase I arrest.
Minor comments: -Could the authors explain why the timings of the analyzed spindles on figure S3 are so different (between 2h and 7:30h)?
-The scaling of some images is a bit strange. For example, how can the background of the 2 first GFP-Mklp1time points ( Figure S3 ) be so dark and become so gray after 2h? This suggests that the scaling was adjusted (with auto-scaling or manually) over time in these images. In this study, the authors characterize the localization of 24 GFP-tagged spindle proteins on early vs late metaphase-arrested Drosophila oocyte meiotic spindles by live imaging and demonstrate that 13 proteins change their localization in a manner that correlates with a shortening and fattening of spindles between these 2 stages. The authors further show that phosphorylation of the kinesin-6, PavKLP, is required to keep PavKLP off of the early spindles and is required for the transition to short fat spindle shape in late metaphase arrested oocytes. The data is of high quality and it is very impressive that 24 proteins were localized in living oocyte meiotic spindles. The significance proposed by the authors is that the changing localization of these proteins is required to stabilize meiotic spindles during the prolonged metaphase arrest that is common in the oocytes of many species. There are 2 missing links to strong significance that would be required for publication in JCB. First, the late PavKLP-depleted spindles that have "early" morphology should be falling apart, only after prolonged arrest, if the transition to "late" morphology is required for spindle stability during prolonged arrest. No such data is presented. Because PavKLP is required for spindle assembly and likely for anaphase/telophase, the authors would need to devise a method to deplete or inhibit PavKLP only during metaphase, then assay the successful completion of meiosis in order to demonstrate the real significance of this "metaphase stabilization pathway". Second, the work is only significant if the metaphase arrest under study is physiological rather than an artifact of removing oocytes from their mother (See below).
Details
For the reader to understand the significance of this work, more Drosophila specific information is needed in the introduction. The introduction gives a reference for the fact that human metaphase II arrest can last 24 hrs. However, there is no way for the reader to guess the time between Drosophila stage 13 early metaphase arrest and stage 14 late metaphase arrest. The single timelapse sequence of GFP:tubulin in Fig. S3 suggest the change in shape of the spindle takes 4 hrs but there is no mention of this conclusion or how it would fit with the normal timing of the reproductive cycle. In the referenced Gilliland 2009 paper, virgin females were used to enrich for late metaphase embryos. This would suggest that stage 14 embryos from virgin females have likely been arrested for a longer time than would ever occur naturally. The methods for this paper do not state whether males were present. If the described morphological changes occur during a natural reproductive cycle and are necessary for successful reproduction, then there would be significance to this work. If the described morphological changes only occur during an unnatural extension of the duration of metaphase arrest, there is very little significance to this work. If the manuscript does not show that the described morphological changes are required for successful reproduction, the significance would also be diminished.
The authors should state whether PavKLP-4A causes early spindles to have a short fat shape. Either way, this would suggest whether or not PavKLP dephosphorylation is sufficient to drive the spindle shape change. Figure 5 shows the effect of Pav KLP depletion on stage 14 spindle length and width. Since the authors conclude that Pav KLP is required for the change from stage 13 morphology to stage 14 morphology, it would be important to show data for stage 13 control and Pav KLP RNAi. If stage 13 PavKLP-depleted spindles are longer and skinnier than control, the conclusion about PavKLPs role in shape change would have to be modified. Since the authors argue that recruitment of Pav KLP to meiotic spindles is important for stabilizing spindles during prolonged metaphase arrest, the reader would like to see stage 14 PavKLP RNAi spindles look normal at early stages, then fall apart after prolonged arrest.
Gilliland 2009 suggests that you might find chromosome 4 in the out position in stage 13 more often than in the stage 14. Since chromosomes might impact the shape of the spindle and vice versa, some mention of 4th chromosome position should be made here.
Legends for Fig. 2, Fig. S1 and Fig. 4 need to state the number of oocytes analyzed and included in the intensity plots.
The section on the differences in timing of accumulation of different proteins determined by time lapse imaging is weak without stating an n for each time-lapse result.
Reviewer #3 (Comments to the Authors (Required)):
This paper by Costa and Ohkura aims to address the question of how spindles are remodeled during metaphase arrest in Drosophila oocytes. The authors generate an array of transgenic flies, and compare spindles in stage 13 oocytes (i.e. early metaphase arrest) to those in stage 14 oocytes (i.e. late metaphase arrest). These studies reveal that a number of spindle proteins relocalize during this period -some spindle proteins become enriched at the midzone (e.g. microtubule crosslinkers such as PRC1 and MKlp1) while others concentrated more strongly at spindle poles in later oocytes. The authors also investigate the mechanism by which MKlp1 accumulates at the spindle equator, and perform depletion experiments that suggest that MKlp1 may contribute to the spindle shortening that occurs between stage 13 and 14.
As little is known about how extended metaphase arrest affects oocyte spindles in any organism, this paper addresses an important biological problem. Moreover, the experiments are well-executed, and represent an impressive amount of effort, with a large number of spindle proteins examined. While this paper is mostly descriptive and only has a few functional experiments, the JCB report format allows manuscripts where the underlying mechanism is less developed -therefore, in principle this paper could be appropriate for publication in this format. However, in my opinion a number of concerns (major points, detailed below) preclude publication of this paper in its current form.
Major points:
1. Question about oocyte staging and the classification of "metaphase arrest": This manuscript claims to address the question of how the spindle is remodeled during metaphase arrest. It is true that little is known about this in any system, and therefore this topic is of interest. However, I had some questions about the staging of the oocytes that led me to wonder if the conclusions were properly interpreted. I will admit that I do not work in this system (and so the authors may be able to provide me with information that would mitigate my concern), but my understanding is that stage 13 oocytes represent a mixture of prometaphase and metaphase spindles. Thus, it has been proposed that prometaphase and metaphase spindles can be distinguished by chromosome organization, with chromosomes transitioning from more extended in prometaphase to more round/compact in metaphase (e.g. Gilliland, Dev Biol 2009; Radford and McKim, Jove 2016). Since some of the spindles shown in the figures appear to have a more extended karyosome or chromosomes off the metaphase plate (e.g. the image in Figure 1B , some of the images in Figure 4B and S1, the image in S2C, and many of the images in S3), it made me wonder if all of the stage 13 oocytes that were analyzed were really in metaphase. If not, then the spindle reorganization that the authors describe might represent changes associated with the transition from prometaphase to metaphase, rather than changes associated with an extended metaphase arrest. Although it is still important to understand how spindles transition from prometaphase to metaphase in this system, it would affect the interpretation of the experiments and would make the findings less relevant to understanding metaphase arrest in other systems. Therefore, I would ask that the authors better explain and justify their staging of the oocytes. If all of the stage 13 oocytes are not in metaphase, then I think that some of the conclusions need to be revised, and this would decrease the impact of the manuscript. Figure 5A , B): The partial Mklp1 depletion experiments are not particularly convincing. Although I realize that a statistical test supports the author's conclusion that the MKlp1 spindles are longer, there is so much variability in spindle length in both the control and the MKlp1 depletion conditions that it was difficult to interpret these experiments. In both conditions, you get spindles ranging from as short as ~8um to spindles longer than 30um. Since this is such a huge range, can you really conclude that MKlp1 depletion makes the spindles look more like stage 13 spindles? I think part of the problem is the control for this experiment. I would expect the range of spindle lengths in the control to look like the stage 14 spindle lengths in Figure 1C (ranging from ~5um to 15um) -why are the control lengths in Figure 5B so much different from the stage 14 lengths in Figure 1C ? Given these issues, I thought that the author's conclusions based on this experiment (page 9, lines 1-2: "accumulation of MKlp1/Pav to the spindle equator plays an important role in shortening and widening of late metaphase spindles in stage 14" and a similar statement on page 9, lines 19-21) were not well justified. And since this was one of the few functional experiments in the paper, if the authors can't provide additional support for this conclusion, then I think that would decrease the impact of the paper.
Overinterpretation of MKlp1/Pav knockdown experiments (
Minor points: - Figure S1B : I realize this is not a focus of the paper and the authors are not intending on pursuing the proteins shown further, but I found some of the images of kinetochore proteins in Figure S1B hard to interpret. In particular, the Clasp image is confusing, as there aren't just kinetochore dots in state 13 oocytes, but streaks (and these streaks are concentrated on one side -why do they look like that?). Also the CycA dots don't all seem to be chromosome associated. What are these extra dots? I would suggest adding a few sentences to the figure legend to explain the images so readers not used to looking at Drosophila oocytes could better interpret them. -Page 6, line 9: The sentence references Figure 1C , but I don't think that is the right figure callout.
Typos: -Page 3, line 22: "localization of the spindle proteins" should be "localization of spindle proteins" -Page 4, line 24: "stabilizing the spindle bipolarity" should be "stabilizing spindle bipolarity"or "stabilizing the bipolar spindle" -Page 9, line 9: "lacks" should be "lack" We re-submit our manuscript (the original manuscript #201902110) entitled "The molecular architecture of the meiotic spindle is remodelled during metaphase arrest in oocytes" for publication as a Report in J. Cell Biol. Although the three reviewers for the original manuscript have appreciated its high technical quality and potential significance, all expressed two same major concerns. As these concerns were fundamental, we carried out additional experiments, which have led to significant findings that fully address these two major concerns. We have incorporated these findings and revised the manuscript extensively. We very thankful for the reviewers' comments, which are very constructive and helpful. We would be grateful if you could reconsider the manuscript for publication in J. Cell Biol.
(1) prometaphase I vs metaphase I: The reviewers' first major concern was that the observed changes of localisation may take place during prometaphase I, rather than metaphase I arrest. By further time-lapse live imaging, we determined the timings of localisation changes relative to metaphase I onset. MKlp1/Pav, Kinesin-5/Klp61F and Augmin change localisation during the metaphase I arrest. In contrast, Sentin and TPX2/Mei-38 accumulated to the spindle poles during prometaphase I. Therefore, we made significant changes in the text to distinguish between changes in prometaphase I and metaphase I. Moreover, we have estimated the normal length of metaphase I arrest in flies under our experimental conditions. In this report, we focus our further mechanistic and functional studies on two microtubule cross-linking kinesins, MKlp1/Pav and Kinesin-5/Klp61F, which accumulate to the spindle equator during metaphase I arrest.
(2) functional significance: Their second major concern was that we have not demonstrated the functional significance of these localisation changes. Strikingly, we have now found that knockdown of Kinesin-5/Klp61F did not disrupt bipolar spindles during prometaphase I, but led to a failure to maintain bipolar spindles only during metaphase I arrest. This suggests that the change of Kinesin-5/Klp61F localisation to the equator during the arrest is critical for the stability of arrested spindles. Therefore, this new finding provides a crucial functional evidence that supports the importance of the dynamic relocalisation of spindle proteins during the arrest.
Our new findings clarify the timings of localisation changes and provide an evidence for functional significance in maintaining metaphase spindles. In addition, we have addressed other issues the reviewers pointed out for the original version (see point-to-point responses in the following pages). Incorporating reviewers' comments has greatly strengthened our manuscript. Therefore, we are confident that this new version is suitable for publication in J Cell Biol. 
[Major additions or changes]
• Including results from Kinesin-5/Klp61F depletion, showing spindle defects specific to metaphase I arrest (Fig.5C,D ).
• Including further time-lapse imaging data to determine the timing of relocalisation relative to metaphase I onset (Fig.S3 ).
• Including information on long prometaphase I in oocytes in the introduction, and clarify wordings on the timing of relocalisation in the text.
• Including more information on the condition of maturation, and a rough estimate of the length of metaphase I in flies.
• Including sample numbers.
• Revising the text for MKlp1/Pav RNAi to reflect some uncertainty.
• Including comments on the localisation of some kinetochore proteins in the legend of Fig S1. • Correcting typos.
[point-to-point response to comments from Reviewer 1]
The reviewer considers that "this study represents an impressive amount of live imaging experiments on a very difficult model system". However, s/he has two major reservations, which we have addressed by additional experiments.
"The study is however mostly descriptive and lacks functional details that would explain the dynamic relocalization of some of the tagged-proteins analyzed here."
To gain an insight into functional significance of the relocalisation, we carried out additional experiments. Firstly, we tried, without success, different conditions and RNAi lines of MKlp1/Pav to find a degree of depletion which is enough to go through early oogenesis, but disrupts the spindle integrity.
Strikingly, when we depleted Kinesin-5/Klp61F, which accumulates to the equator in late metaphase I, we found that spindles are initially bipolar in prometaphase I but fail to maintain bipolar spindles only during metaphase I arrest. This suggests that late localisation of Kinesin-5/Klp61F to the equator is important for spindle integrity during the metaphase arrest. Therefore, this new finding provides crucial functional evidence that supports the importance of the dynamic relocalisation of spindle proteins during the arrest. We have included this new finding with figures (Fig.5C,D) .
"My main concern is about the author's central claim that comparing stage 13 and stage 14 oocytes allows drawing conclusions on the behavior of the spindle during the long metaphase I arrest."
This concern is well justified. We agree that comparisons between stage 13 and 14 do not distinguish changes between prometaphase I and metaphase I, or between early and late metaphase I. We have carried out further live imaging to determine the timings of metaphase onset and relocalisation of representative spindle proteins. It showed that MKlp1/Pav, Kinesin-5/Klp61F and Augmin change their localisation during metaphase I arrest, while Sentin and TPX2/Mei-38 change during prometaphase I. We have included this new finding with figures ( Fig.S3) and clarified the text.
Minor comments:
"Could the authors explain why the timings of the analyzed spindles on figure S3 are so different (between 2h and 7:30h)?" This is because we usually terminated imaging when it reached the final steady state. Within each time series, identical imaging conditions were used, and the contrast has been adjusted equally for presentation. We do not know the reason for sure, but the spindle may have changed the position in the Z axis, which altered the apparent cytoplasmic signal intensity.
" Figure S3 top We can only partially deplete MKlp1/Pav because full depletion results in severe oogenesis defects. We tried, without success, different conditions and RNAi lines of MKlp1/Pav to find a degree of depletion which is enough to go through early oogenesis, but disrupts the spindle integrity.
Strikingly, when we depleted Kinesin-5/Klp61F, which accumulates to the equator in late metaphase I, we found that spindles are initially bipolar in prometaphase I but fail to maintain bipolar spindles only during metaphase I arrest. This suggests that the transition of Kinesin-5/Klp61F to late localisation to the equator is important for spindle stability during the metaphase arrest. Therefore, this new finding provides crucial functional evidence that supports the importance of the dynamic relocalisation of spindle proteins during the arrest. We have included this new finding with figures (Fig.5C,D) and clarified the text.
"Second, the work is only significant if the metaphase arrest under study is physiological"
In this study, females were matured in the presence of males and food (with yeast), which stimulates oogenesis and ovulation. Based on our observations, we roughly estimate that metaphase I lasts >6 hours at 21°C under our experimental conditions (** see below). In a natural habitat where food or males are not always available, oocytes in flies often arrest in metaphase I even longer (up to a few days). Therefore, fly oocytes must have adapted to a long metaphase I arrest, which they can encounter in different natural habitats.
In our study, we imaged oocytes immediately after dissection from their mothers to determine protein localisation and define prometaphase I or metaphase I. Importantly, our main conclusions on the localisation changes were deduced from this analysis. The changes of protein localisation were later confirmed by time-lapse live imaging of oocytes, which typically lasted for 6-7 hours after dissection from their mothers. Therefore, our results must reflect the real dynamics of protein localisation during natural metaphase arrest, not artefacts resulting from long incubation outside of the mothers.
Furthermore, images of oocytes taken immediately after dissection showed different requirement of Kinesin-5/Klp61F between stage 13 (prometaphase I and early metaphase I) and stage 14 (late metaphase I). Combined with the late accumulation of Kinesin-5 to the equator, this suggests the presence of a specific mechanism to stabilise the spindle during the natural metaphase arrest.
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We have included more information in Results and Methods to clarify these points. We have also included a diagram (Fig.1B) that summarises the estimated timing of various events during stage 13 and 14.
( ** Estimation of the metaphase I length. Mature female flies carry more stage-14 oocytes than stage-13 oocytes. Immediately after dissection, 26-40% of spindles in stage-13 oocytes are in prometaphase I. In our time-lapse imaging at 21°C, prometaphase I lasted about 2 hours, with bipolar spindles present for 1.5 hours. From these, we roughly estimated that metaphase I lasts >6 hours at 21°C under our experimental condition. It is likely that the duration of metaphase I varies with different environmental conditions such as temperature, food sources, and age of parents.) Unfortunately, even partial depletion of MKlp1/Pav causes oocyte polarity defects, including a failure to form dorsal appendages which we use as the marker of staging. Therefore, we observed a mixed population which is predominantly in stage-14. We have clarified this point, and revised the text to reflect the uncertainty. We tried, without a success, different conditions and RNAi lines of MKlp1/Pav to find a degree of depletion which is enough to go through early oogenesis, but disrupts the spindle integrity.
Instead, we found that depletion of Kinesin-5/Klp61F, which accumulates to the equator in late metaphase I, results in bipolar spindles which are bipolar during prometaphase I but fall apart/collapse during metaphase I arrest. We have included this new finding with figures and clarified the text. In time-lapse live imaging, we often see chromosome 4 still separated from the main chromosome mass even 6 hours after NEBD (~4 hours after metaphase onset). We suspect that congression of chromosome 4 may need a longer arrest. However, as it is challenging to identify chromosome 4 reliably and confidently in this live imaging, we would like to avoid inaccurate or misleading statements on chromosome 4.
"Legends for Fig. 2, Fig. S1 and Fig. 4 
need to state the number of oocytes analyzed and included in the intensity plots."
The sample numbers are now included in the figure legends.
"The section on the differences in timing of accumulation of different proteins determined by time lapse imaging is weak without stating an n for each time-lapse result."
Complete time-lapse imaging of at least three oocytes have been carried out for each of GFPtagged proteins. As these are technically challenging experiments, sample numbers are still small, but the results agree with each other and are consistent with snapshot imaging. In Fig. S3B , we have included the actual times of the changes from all oocytes analysed for each spindle protein.
[Reviewer 3]
This reviewer considers that "this paper addresses an important biological problem. Moreover, the experiments are well-executed, and represent an impressive amount of effort". S/he thinks that "in principle this paper could be appropriate for publication" in this format, but that "a number of concerns preclude publication of this paper in its current form", which we have addressed by further experiments.
Major points:
"Question about oocyte staging and the classification of "metaphase arrest"" The reviewer's concern is well justified. Indeed, comparisons between stage 13 and 14 do not distinguish changes between prometaphase I and metaphase I, or between early and late metaphase I. Through our further experiments monitoring microtubule attachment to kinetochores, we also estimated that stage-13 oocytes represent a mixture of prometaphase and metaphase spindles, and stage 14 represent metaphase spindles only (Fig 1C) . We carried out further timelapse live imaging to determine the timing of the metaphase I onset (defined by full bipolar attachment), and relocalisation of representative GFP-tagged proteins. It showed that MKlp1/Pav, Kinesin-5/Klp61F and Augmin change their localisation during metaphase I arrest, while Sentin and TPX2/Mei-38 change in prometaphase I. We have included this new finding with figures ( Fig.S3 ) and clarified the text.
"Overinterpretation of MKlp1/Pav knockdown experiments"
MKlp1/Pav RNAi causes polarity defects of oocytes, which prevents the formation of dorsal appendages that we used as the marker for staging. Therefore, we have to immunostain a mixed population of oocytes which is predominantly, but not exclusively, in stage 14. This is likely to be the reason why we observed larger variations in spindle lengths, and makes our results less conclusive. The text has been revised to reflect this uncertainty.
"if the authors can't provide additional support for this conclusion, then I think that would decrease the impact of the paper."
We now found that depletion of Kinesin-5/Klp61F, which localises to the equator only in late metaphase I, results in normal bipolar spindles in prometaphase /early metaphase I (stage 13), but they fail to maintain bipolarity only during metaphase I arrest. This suggests that the change of localisation of Kinesin-5/Klp61F to the equator is important to maintain a bipolar spindle in the metaphase arrest. Therefore, this new finding provides crucial functional evidence to support the importance of remodelling of metaphase spindles during the arrest. We have included this new finding with figures (Fig.5C,D) and clarified the text.
Minor points: "Figure S1B: I would suggest adding a few sentences to the figure legend to explain the images so readers not used to looking at Drosophila oocytes could better interpret them."
We have moved Clasp data to Fig.1 which is used for determining the timing of metaphase onset. In prometaphase, Clasp first accumulates to kinetochores (unattached), and then localises to kinetochore microtubules (attached) which are not symmetric, before all kinetochore microtubules are symmetrically attached (bipolar attachment; at onset of metaphase I). Cyclin A weakly localises to kinetochores. The dots apparently not associated to chromosomes in this image are likely to be the kinetochores of small chromosome 4. We include more information in the figure legends.
"Page 6, line 9: The sentence references Figure 1C , but I don't think that is the right figure callout."
We have corrected them.
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"Typos: -Page 3, line 22: "localization of the spindle proteins" should be "localization of spindle proteins" -Page 4, line 24: "stabilizing the spindle bipolarity" should be "stabilizing spindle bipolarity"or "stabilizing the bipolar spindle" -Page 9, line 9: "lacks" should be "lack" " Thank you very much for pointing out these typos. We have corrected them.
June
Thank you for submitting your revised manuscript entitled "The molecular architecture of the meiotic spindle is remodelled during metaphase arrest in oocytes". You will see that while the reviewers find your study significantly improved, they have brought up a few remaining issues. Overall, we find that your functional analysis has been improved and that your revised study describes transactions that will be of interest. Therefore, we think these remaining issues can be addressed via a thorough and careful editing of your text and figures in response to all remaining reviewer concerns. Assuming this is done satisfactorily, we would be happy to publish your paper in JCB pending final revisions necessary to meet our formatting guidelines (see details below).
To avoid unnecessary delays in the acceptance and publication of your paper, please read the following information carefully.
A. MANUSCRIPT ORGANIZATION AND FORMATTING:
Full guidelines are available on our Instructions for Authors page, http://jcb.rupress.org/submissionguidelines#revised. **Submission of a paper that does not conform to JCB guidelines will delay the acceptance of your manuscript.** 1) Text limits: Character count for Reports is < 20,000, not including spaces. Count includes title page, abstract, introduction, results and discussion, acknowledgments, and figure legends. Count does not include materials and methods, references, tables, or supplemental legends. 
If not, you must state something to the effect that "Data distribution was assumed to be normal but this was not formally tested." 5) Abstract and title: The abstract should be no longer than 160 words and should communicate the significance of the paper for a general audience. The title should be less than 100 characters including spaces. Make the title concise but accessible to a general readership. 6) Materials and methods: Should be comprehensive and not simply reference a previous publication for details on how an experiment was performed. Please provide full descriptions in the text for readers who may not have access to referenced manuscripts. 14) A separate author contribution section following the Acknowledgments. All authors should be mentioned and designated by their full names. We encourage use of the CRediT nomenclature.
B. FINAL FILES:
Please upload the following materials to our online submission system. These items are required prior to acceptance. If you have any questions, contact JCB's Managing Editor, Lindsey Hollander (lhollander@rockefeller.edu).
--An editable version of the final text (.DOC or .DOCX) is needed for copyediting (no PDFs).
--High-resolution figure and video files: See our detailed guidelines for preparing your productionready images, http://jcb.rupress.org/fig-vid-guidelines.
--Cover images: If you have any striking images related to this story, we would be happy to consider them for inclusion on the journal cover. Submitted images may also be chosen for highlighting on the journal table of contents or JCB homepage carousel. Images should be uploaded as TIFF or EPS files and must be at least 300 dpi resolution. **It is JCB policy that if requested, original data images must be made available to the editors. Failure to provide original images upon request will result in unavoidable delays in publication. Please ensure that you have access to all original data images prior to final submission.** **The license to publish form must be signed before your manuscript can be sent to production. A link to the electronic license to publish form will be sent to the corresponding author only. Please take a moment to check your funder requirements before choosing the appropriate license.** Thank you for your attention to these final processing requirements. Please revise and format the manuscript and upload materials within 7 days.
Please contact the journal office with any questions, cellbio@rockefeller.edu or call (212) 327-8588.
Thank you for this interesting contribution, we look forward to publishing your paper in Journal of Cell Biology. ---------------------------------------------------------------------------- --Reviewer #1 (Comments to the Authors (Required)):
In a previous version of this manuscript, Costa et al compared the dynamic behavior of several spindle-associated factors in stage 13 and stage 14 Drosophila oocytes. They assumed that all analyzed oocytes were arrested in metaphase I of meiosis, and that any observed change in the localization of a component would reflect a dynamic remodeling of the spindle (and associated factors) during the MI arrest. However, concerns were raised by all three reviewers that oocytes in stage 13 were perhaps not in metaphase I but rather still in prometaphase I. In this revised version of their manuscript, the authors provide a significant amount of new data that help clarifying the cell cycle stage of the analyzed oocytes and supports their main conclusions. Some parts of the manuscript would still benefit from a significant rewriting/reorganization for better clarity, but overall all my concerns and comments have been addressed.
Reviewer #2 (Comments to the Authors (Required)):
In this study, the authors characterize the localization of 24 GFP-tagged spindle proteins on early vs late metaphase-arrested Drosophila oocyte meiotic spindles by live imaging and demonstrate that 13 proteins change their localization in a manner that correlates with a shortening and fattening of spindles between these 2 stages. The authors further show that phosphorylation of the kinesin-6, PavKLP, is required to keep PavKLP off of the early spindles and is required for the transition to short fat spindle shape in late metaphase arrested oocytes. The data is of high quality and it is very impressive that 24 proteins were localized in living oocyte meiotic spindles. The significance proposed by the authors is that the changing localization of these proteins is required to stabilize meiotic spindles during the prolonged metaphase arrest that is common in the oocytes of many species. My main concerns from the previous review remain. The introduction cites metaphase arrest durations of hours but cites no specific reference for the length of the arrest in Drosophila. The only units of time are in a diagram in Fig. 1B and in single time-lapse sequences shown in Fig S3. The source of the times is referenced as Materials and Methods. The text refers to Fig. S3 as a very small number of time-lapse sequences. Thus 95% of the paper relies on determining the time in metaphase from the morphology of dorsal appendages. Since the paper is about stabilization of spindles during many hours of arrest, the lack of units of hours in the data weakens the overall significance. A previous concern remains is that there is no clean experiment showing that any molecule is required for stabilization for hours without affecting initial assembly.
The revised manuscript by Costa and Ohkura is greatly improved, as the authors have made a major effort to address the concerns raised by the reviewers. The addition of the kinesin-5 depletion experiment adds more mechanistic insight to the paper, in my opinion increasing impact. Further, the new experiments to clarify staging of oocytes increases confidence that the authors are documenting changes that occur during prolonged metaphase arrest, as they originally claimed. In addition, as before, the current version of this manuscript represents a large amount of work, the experiments are well-executed, and the biological problem is important.
However, there are a few remaining issues with the manuscript that should be addressed prior to publication:
1. The most significant remaining issue relates to a concern I brought up in the first review -that the MKlp1/Pav knockdown experiments are overinterpreted. Again, although I realize that a statistical test supports the author's conclusion that the MKlp1 spindles are longer, there is so much variability in spindle length in both the control and the MKlp1 depletion conditions that it is difficult to interpret these data, making it likely that any stated changes in spindle length/width are mild at best. Although there are plausible reasons that may explain this variability (the authors note in the rebuttal letter that oocytes in this experiment are harder to stage, that it only represents partial depletion, etc), I still think that this experiment is overinterpreted given the data. The authors noted in the rebuttal letter that they had revised the text to reflect this uncertainty, but multiple strong statements still remain that should be revised: -Abstract line 11: "MKlp1/Pavarotti is important for shortening the spindle.. These statements (and any others I missed) should all be modified/softened and I would also recommend adding an explicit statement in the results section that the effects observed are mild (along the lines of "although this is a mild effect, potentially due to the fact that the protein is only partially depleted, these data are consistent with the hypothesis that MKlp1 contributes to..." etc.) It also might be helpful if the authors put a statement somewhere (maybe in the Materials and Methods or Figure legend? ) explaining the issue with staging the oocytes, so that others don't wonder, as I did, why there is such a large range of spindle lengths represented (if the authors put this in there, I apologize for missing it!). In addition, I would suggest modifying the Figure 5 title, both to re-word the conclusions about MKlp1, but also to reference to the Kinesin-5 data, which is now included in the figure.
2. In adding new data and revising the manuscript, the data in the figures is now in some cases presented out of order, which makes the paper harder for the reader to follow. For example, the data in Figure 3 is now described before the data in Figure 2 , and Figure S3 is described before Figure S2 . The authors should rearrange the figures to match the flow of the text, making sure that the figures are referenced largely in order.
